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The electron impact mass spectra of twenty 6-
substituted 5,6-dihydro-2-pyrones carrying
either a 4-methoxy or a 4-hydroxy group have
been recorded and discussed. The main frag-
mentation modes, inferred from metastable
ion analyses (metastable refocusing and DADI
technique) as well as from high resolution mass
measurements, have been rationalized and
compared. The decomposition depends strongly
on the 6-substituent (alkyl, phenetyl, alkenyl,
or cycloalkanespiro), and in most cases the 4-
hydroxy substituted compounds give rise to
more complex fragmentation patterns than the
corresponding 4-methoxy derivatives. This is
ascribed to contribution of the 4-oxo tautomers
of the 4-hydroxy compounds.

This paper reports on the electron-impact-
induced fragmentation of a number of 6-sub-
stituted 4-hydroxy-5,6-dihydro-2-pyrones and
their corresponding 4-methyl ethers. The be-
haviour of such compounds are of interest due
to their structural similarity of the Kawa-
lactones as well as to 2-pyrones and tetrahydro-
2-pyrones (d-lactones).

The mass spectra of substituted monocyeclic
2.pyrones have been reported and reviewed.!
An initial loss of the C®-substituent together
with expulsion of CO and the formation of sub-
stituted cyclopropenyl ions appear to be pro-
cesses of general importance. Similarly, loss of
the side chain from the molecular ions is a char-
acteristic behaviour of tetrahydro-2-pyrones.
No systematic study of the fragmentation of
simple dihydro-2-pyrones has been reported so
far, although a series of Kawa-lactones, some
being dihydro-2-pyrones and others 2-pyrones,
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has been investigated in some detail.? It ap-
pears that the fragmentation upon electron
impact depends highly on the presence of a
styrylic double bond.

This investigation is centered around C°-
substituted §,6-dihydro-2-pyrones, in which
the CC-substituents are characterized as being
either alkyl/aralkyl, cycloalkanespiro, or ¢rans-
1-alkenyl.

6-Alkyljaralkyl derivatives of §,6-dihydro-2-
pyrones. The compounds given in Table 1 have
been investigated. Representative mass spectra
are given in Fig. 1 together with the major de-
composition modes. These are all verified by
exact mass measurements and by metastable
ions (metastable refocusing as well as the DADI
technique have been applied).

Table 1. 6-Alkyl-aralkyl derivatives.
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Fig. 1. Mass spectra of la, 1b, 2a and 2b recorded at 80, 15, 50, and 15 °C, respectively.

The typical a-cleavage reaction of 2-pyrones
and tetrahydro-2-pyrones with loss of the C*
side chain is also found to be an important pro-
cess for the 6-mono- and 6,6-disubstituted di-
hydro-2-pyrones. For the 4-methoxy-substi-
tuted compounds, type b, this reaction is pre-
dominant and the corresponding [M — R3]+ ion,

CH,

a
R2=H: mfe 127; R*=C,H,: m/e 155

a, possesses a considerable stability. It is carrying
42 9, of the total ion current (3,;) of 7b and in
the case of 3b it has a higher abundance than
the tropylium ion (m/e 91).

The corresponding ion, b, formed from the
4-hydroxy-substituted compounds (Ia, 2b, and
3a) appears to be less stable than a. It has an

S

Ri=H: m/e 113; R*=C,H;: m/e 141

abundance of 12.3 %, of J,; in Ia. In the spec-
trum of 3a the tropylium ion is the base peak
and ion @ amounts to a relative intensity of
7 9 only. One reason for the observed decrease
in stability of the [M—R?*]+ ion may be that
its structure preferentially corresponds to b’,
as the further decomposition is elimination of
CH,;=CO. In Ia and 3a this process is followed
by a CO loss, in 2a¢ by another CH,CO loss.
In 2a the [b’— CH,CO]* ion appears at m/e 99.
The spectrum of 2b also exhibit a m/e 99 ion
which corresponds to the loss of CH;0C=CH
from a, but in this case further loss of ketene
cannot be detected. The [C;H,CO]+ ion at m/e
57 is found only to have ion a as precursor.
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This latter process corresponds to a retro-Diels-
Alder decomposition with charge retention on
the C,H,CO species. Reversed charge retention
leads to formation of the m/e 98 ion being an
important key-fragment in the fragmentation
of the 6-cycloalkanespiro and the 6-(trans-1-
alkenyl) derivatives discussed below.
Possible structures for the various ions in
question are shown in the rationale, Scheme 1.
The type a derivatives here discussed have
been shown by NMR to exist more or less
enolized depending on the solvent. In dimethyl
sulfoxide they are fully enolized, but in less
polar solvents the enolization is diminished.?
A keto-form of Ia and 3a is supported by the

#o\§ H

3a

CiHo 1Y’ =CaHy c,H,T*
Mig 130 mie 91
Scheme 2.
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formation of the [M-—C,H,0,]+ ions. Such
ions may according to the suggested rationale,
Scheme 2 for 3a, be generated by a double hy-
drogen rearrangement in the ring-opened molec-
ular ion of the keto form with subsequent elim-
ination of a molecule of acetic acid. In addition
a stepwise formation of the m/e 158 ion is in-
dicated to take place by elimination of H,0O
and CH,CO.

6-Cycloalkanespiro derivatives of 5,6-dihydro-
2-pyrones. The compounds given in Table 2
have been investigated. As representative for
this series the mass spectra of 6a and 6b are
shown in Fig. 2.
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Fig. 2. Mass spectra of 6a and 6b recorded at 70 and 40 °C, respectively.
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Fig. 3. 'DADI spectra ¢ of 6a and 6b, showing the metastable transitions of the molecular ions.
The calculated masses of the daughter ions — all formed directly from the molecular ions — as
well as the compositions of the eliminated neutrals are indicated.
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Table 2. 6-Cycloalkanespiro derivatives.

R
(CHL)

R n
4a H 1
4b CH, 1
Sa H 2
5b CH, 2
6a H 3
6b CH, 3
7a H 4
7b CH, 4

The fragmentation patterns of this series are
dominated by odd electron ions most of which
are formed in several competing decompositions
as demonstrated by the presence of numerous
metastable ions. The DADI spectra of the
molecular ions of 6a and 6b are given in Fig. 3,
suggesting concerted losses of stable molecules

=C3H;
R
CH, .
0 CcHZ
-co
OR
R ~CH,

Scheme 3. +
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such as cycloalkanes, CO, and CH,CO. The
varying abundances of the metastable ions in
the DADI spectra * obtained from the molec-
ular ions in this series suggest that the degree
to which these processes are followed changes
considerably. However, it appears that only
few of these reactions contribute significantly
to the ion abundances since the general ap-
pearance of the mass spectra is very much
alike.

An important ion in all cases is brought
forth by decomposition of the cycloalkanespiro
ring, probably giving rise to elimination of a
cycloalkane (ethene in 4a and 4b) as shown in
the rationale, Scheme 3, for 6a and 6b. The
resulting ion is formulated as ¢, from which
the observed loss of CH,CO, yielding d, would
be a likely process. However, it is possible
that the rearrangement c-»¢’ occurs also to
some extent. The mass spectrum of 4-methoxy-
6-methyl-2-pyrone ® exhibits abundant [M-—
CH,]+ and [M—CO]+- ions, whereas elimina-
tion of CH,CO from the molecular ion does not
take place.

R ¥
(o]
- CHg -CgH,,0
R *
-CH,CO
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Fig. 4. Mass spectra of 10a and 10b recorded at 20 and 25 °C, respectively.

Ion d is additionally formed directly from
the molecular ion, either by elimination of
cyclohexanone (a retro-aldol reaction) or by
concerted losses of cyclobutane and ketene.
In the type b compounds ion d (m/e 98) elim-
inates CHO and CH,O yielding m/e 69 and
mle 68.

The direct elimination of an alkyl group
(C,H, in Scheme 3), requiring a hydrogen re-
arrangement of the molecular ion, appears to
be a general process (except for compounds 4a
and 4b), yielding an even electron ion of relative
high abundance, formulated as k. Also the
initial CO loss is an often occurring process.
However, the corresponding [M—CO]+* peak
appears with varying abundances and is in-
significant in several spectra.

6-(trans-1-Alkenyl) derivatives of 5,6-dihydro-
2-pyrones. The compounds given in Table 3

Table 3. 6-(trans-1-Alkenyl) derivatives.

R!
R* o}

Rt R?
8a H CH,
8b CH, CH,
9a H C,H,
9b CH, C.H,

10a H C,H,
10b CH, C,H,

have been investigated. The mass spectra of
10a and 10b are given in Fig. 4.

Introduction of the double bond has a marked
effect upon the electron-impact-induced frag-
mentation, and inhibits completely formation
of the pyronium ion by elimination of the C*
side chain which is the most characteristic
process of the compounds with saturated sub-
stituents. Instead a formal breakage of the
double bond takes place with charge retention
preferentially at the pyrone ring. This process
may be rationalized if it is anticipated that the
double bond introduces a new site for charge
localization initiating & hydrogen rearrange-
ment. This is illustrated in the mass spectrum
of kawain having a styryl substituent at the
C* position. In this case fission of the double
bond accompanied by rearrangement of one
hydrogen atom has been reported.* The origin
of this hydrogen is C* and C* (1:1), as demon-
strated by labelling experiments,® and the
resulting ion is the highly stable tropylium
ion. Formation of similar stable ions is not
possible in the decomposition of compounds 8
to 10 all having aliphatic substituents. How-
ever, it is anticipated that the double bond
also in these cases initiates hydrogen rearrange-
ment, and subsequent rupture of that bond
may then lead to the formation of stable neutral
molecules (ethene, propene, and butene, re-
spectively). The resulting ion, which constitutes
the base peak (at m/e 126) in 8a, 9a, and 10a is
probably identical to the corresponding ion,
¢, in the spectra of the cycloalkanespiro com-
pounds (the DADI spectra of m/e 126 in 10a
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and 6a, showing degradation to m/fe 98 and
mfe 84, are virtually identical). To obtain this
structure, rearrangement of two hydrogen
atoms is required. Although other modes are
possible and random rearrangements cannot
be excluded & possible origin of these hydrogen
atoms may be:

H 1t H Tt
H - CHZ_-CHz
CHZ

In 8b, 9b, and 10b the alkene elimination is
less prevalent and the corresponding ion (m/e
140) appears with significantly lower abun-
dance. This may suggest that the double bond
is a less favoured site for charge localization
and thus restrains the possibility for hydrogen
rearrangements. Such changes in charge distri-
bution in the molecular ions can hardly be
attributed to differences induced by the meth-
oxy group as compared to the hydroxy group,
but may be rationalized if the keto-form of
the type a compounds is anticipated.

Characteristic for the type b compounds is
the presence of the m/e 109 ion (C,H,0). Meta-
stable data have revealed that besides a direct
formation from the molecular ions this ion is
also generated in a two-step process via the
[M—CO,]+* ion. This indicates that loss of
CO, takes place in all three cases although the
abundance of the [M—CO,]+* ion is insignif-
icant in 9b and 10b. A possible structure for
the m/e 109 ion is

CH,

Mie 109

The presence of this ion as well as the relative
low abundance of mfe 140 constitutes the
major general difference between the spectra
of type b compounds and those of the corre-
sponding cycloalkanespiro isomers. Similar
diagnostic differences are not encountered for
corresponding 4-hydroxy substituted com-
pounds.
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SUMMARY

The fragmentation upon electron impact of
5,6-dihydro-2-pyrones is found to depend
strongly on the nature of the 6-substituent.
In most cases the fragmentation pattern for
the 4-hydroxy derivatives (a) is more differen-
tiated than for the corresponding 4-methoxy
analogues (b). This is ascribed to the contribu-
tion of a 4-oxo form of a.

(a) 6-Alkyl derivatives show the general loss
of the 6-substituent yielding the important
pyronium ion a (with 4-methoxy) or b (with
4-hydroxy) in agreement with the behaviour
of similarly substituted 2-pyrones and tetra-
hydro-2-pyrones. The 4-hydroxy group dimin-
ishes considerably the relative stability of &
as compared to a.

(b) 6-Cycloalkanespiro derivatives exhibit a
prevalent pyronium ion ¢, including a CH,
group from the cycloalkanespiro ring, probably
formed by elimination of a cycloalkane.

(c¢) 6-(1-Alkenyl) derivatives exhibit spectra
resembling considerably those of the isomeric
cycloalkanespiro compounds. This makes di-
agnostic differentiation between type a com-
pounds of the two series ambigous. The forma-
tion of ion ¢, corresponding to formal rupture
of the double bond in the side chain, is attrib-
uted to hydrogen rearrangements to the double
bond and subsequent elimination of an alkene.

EXPERIMENTAL

Mass spectra were obtained on a Varian
MAT 311A mass spectrometer using the direct
sample insertion system with the lowest feasible
sample temperature and ionization by electron
impact (70 eV). Peaks corresponding to doubly
charged ions appearing at half mass numbers
as well as peaks of abundance lower than 2 9,
were omitted from the spectra shown. All the
decompositions given are supported by ap-
propriate metastable transitions detected by
metastable refocusing or by the DADI tech-
nique.

Microanalyses were carried out at the Micro-
analytical Department of the University of
Copenhagen by Mr. Preben Hansen. Melting
points were determined on a Bichi melting
point apparatus. *H NMR spectra were re-
corded on & Jeol JNM-PMX60 NMR spectrom-
eter; chemical shifts are given in ppm relative
to TMS.

The 4-hydroxy-5,6-dihydro-2-pyrones  in-
vestigated were all prepared according to a
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procedure earlier described.” In the following
the aldehyde or ketone used for preparation
is mentioned, and data for the primarily ob-
tained compounds are given in parenthesis.
For purification all compounds were triturated
with ether and were all shown to be analytically
pure by elemental analysis (C, H).
4-Hydroxy-6-pentyl-5,6-dihydro-2-pyrone (1a,).
Hexanal (yield 86 9%, m.p. 65—70 °C), m.p.
72—-74°C. NMR (DMSO-d,): 0.87 (t, 3 H),
1.33 (m, 8 H), 2.30 (s, 1 H), 2.46 (d, 1 H, J 3
Hz), ca. 4.2 (m, 1 H), 5.28 (s, 1 H).
4-Hydroxy-6,6-diethyl-5,6-dihydro-2-pyrone
(2a). 3-Pentanone (yield 70 9, m.p. 82—93
°C), m.p. 98—-100 °C. NMR (DMSO-d,): 0.85
(d of t, 6 H), 1.65 (d of q, 4 H), 2.42 (s, 2 H),
4.92 (s, 1 H).
4-Hydroxy-6-cyclobutanespiro-5,6-dihydro-2-
pyrone (4a). Cyclobutanone (yield 63 9%, m.p.
110-116 °C), m.p. 125 —129 °C. NMR (DMSO-
d,): 1.4— 2.4 (complex, 6 H), 2.64 (s, 2 H), 4.94
(s, 1 H).
4-Hydroxy-6-cyclopentanespiro-5,6-dihydro-2-
pyrone (ba). Cyclopentanone (yield 60 %, m.p.
95— 125 °C), m.p. 131 —-133 °C. NMR (DMS(g-
dg): 1.73 (s broad, 8 H), 2.56 (s, 2 H), 4.93
(s, 1 H).
4-Hydroxy-6-cyclohexanespiro-5,6-dihydro-2-
pyrone (6a). Cyclohexanone (yield 60 9%, m.p.
98— 105 °C), m.p. 117—121 °C. NMR (DMSO-
de): 1.2—2.0 (complex, 10 H), 2.45 (s, 2 H),
4.97 (s, 1 H).
4-Hydroxy-6-cyclooctanespiro-5,6-dihydro-2-
pyrone (7a). Cyclooctanone (yield 45 9% m.p.
128 —130°C), m.p. 129 —130.5°C. NMR (DMSO-
dg): 1.1—2.1 (broad, 14 H), 2.43 (s, 2 H), 4.42
(s, 1 H).
4-Hydroxy-6- (trans-1-butenyl )-5,6-dihydro-2-
pyrone (9a). trans-2-Pentenal (yield 52 9,
m.p. 90—-92 °C), NMR (DMSO-d,): 0.97 (t,
3 H J Hz), 2.04 (q, 2 H J 1 and 7 Hz), 2.40
(s, 1 H), 2.564 (d, 1 H J 2 Hz), 4.6—5.1 (m,
1H), 4.95 (s, 1 H), 5.58 (q, 1 HJ 5 and 15 Hz),
5.90 (q, 1 H J 6 and 15 Hz).
The preparation of compounds 3a, 8a, and
10a has been described earlier.?
From the compounds Ia to 10a the corre-
sponding 4-methoxy derivatives were prepared.
On reaction with dimethyl sulfate and potas-
sium carbonate in acetone at room temperature ®
followed by purification on preparative TLC
(silica gel, ether as eluent), the following com-
pounds, all showing satisfactory NMR spectra,
were obtained.
4-Methoxy-6-pentyl-5,6-dihydro-2-pyrone (1b).
Rp 0.56, oil (Found for M+: 198.1250. Cale.
for C,,H,,0y: 198.1256).
4-Methoxy-6,6-diethyl-5,6-dihydro-2-pyrone
(2b). Rp 0.62, oil (Found for M+: 184.1100.
Cale. for C,,H,,O,: 184.1099).
4-Methoxy-6-cyclobutanespiro-5,6-dihydro-2-
pyrone (4b). Rp 0.50, crystals of m.p. 53— 55
°C (Found for M+: 168.0782. Calec. for C,H,,0,:
168.0786).

4-Methoxy-6-cyclopentanespiro-5,6-dihydro-2-
pyrone (5b). Rp 0.70, oil (Found for M+:
182.0943. Calc. for C, H,,04: 182.0943).
4-Methoxy-6-cyclohexanespiro-5,6-dihydro-2-
pyrone (6b). Rg 0.53, crystals of m.p. 74— 177
°C (Found for M+: 196.1082. Calec. for C,,H,,0y:
196.1099).
4-Methoxy-6-cyclooctanespiro-5,6-dihydro-2-
pyrone (1b). Rp 0.70, viscous oil (Found for
M+: 224.1410. Cale. for C,,H,,0,: 224.1412).
The preparation of compounds 3b and &b
has been described earlier.?
4-Hydroxy-5,6-dihydro-2-pyrones gave when
reacted with ethereal diazomethane the 4-
methoxy-5,8-dihydro-2-pyrones as well as the
2-methoxy-5,6-dihydro-4-pyrones. The isomeric
pyrones were easily separated on preparative
TLC (silica gel, ether as eluent), the 5,6-di-
hydro-4-pyrones having the lower Rp-value.
In this manner 95 and 10b, both giving satis-
factory NMR spectra, were obtained.
4-Methoxy-6-( trans-1-butenyl ) -5,6-dihydro-2-
pyrone (9b). Rp 0.59, oil (Found for M+:
182.0941. Calec. for C, H,,0,: 182.0943).
4-Methoxy-6- (trans-1-pentenyl ) -5,6-dihydro-
2-pyrone (10b). Rp 0.62, oil (Found for M+:
196.1101. Cale. for C,,;H, O, 196.1099).
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